Titanium oxide has the advantages of high activity, good stability, non-toxic and low cost cost eff ective. It is one of the most widely studied photocatalysts and the most promising material for photocatalytic ceramics. In this paper, the photocatalytic mechanism of TiO2, the influence factors of photocatalytic activity, the preparation of nanoTiO2, the phase change of nano-TiO2, the application of TiO2 photocatalytic materials and the research progress of photocatalytic ceramics were reviewed.
Introduction
In 1972, Japanese scholars Fujishima and Honda discovered that photocatalytic decomposition of water can be done in the semiconductor TiO2 electrode to prepare hydrogen [1] . TiO2 photocatalytic technology has aroused great interest of science and technology workers ever since [2] [3] [4] [5] [6] [7] [8] [9] . In 1976, Canadian scientists along with other studies done had discovered that under the ultraviolet light irradiation, nano-TiO2 may decompose the organic compounds biphenyl and chlorinated biphenyl [10] . With the increasingly prominent energy and environmental problems, semiconductor photocatalytic technology has unprecedentedly received an extensive global attention and achieved rapid development [11] [12] [13] [14] . At present, the most widely studied semiconductor photocatalysts are n-type semiconductor compounds [12, [15] [16] [17] [18] [19] [20] [21] , such as: TiO2, ZnO, CdS, ZnS, MoO3, WO3 and others. Of all, TiO2 has been the most favorable semiconductor compound chosen for its high catalytic activity, good stability, non-toxic and cost effective advantages [22] [23] [24] [25] [26] . For acknowledgement, TiO2 possesses antibacterial potential with its ability to self-clean, degrade organic pollutants and purify air [11] [12] [13] . However, the development and application of TiO2 are strictly limited due to some key technical problems such as its wide band gap and the diffi culty of loading of TiO2 on the carrier. [13, [27] [28] [29] . TiO2 photocatalytic material applies the wide band gap with high redox capacity for decomposition of harmful substances. Its application in glass, ceramics, textile materials and other aspects in recent years has undeniably caught the attention worldwide. [30] [31] [32] [33] [34] [35] [36] . Among all, the photocatalytic ceramics are best known to be safe and poisonous, with its antibacterial, deodorant and self-cleaning functions. Also, they are being used widely in sewage treatment, waste gas purifi cation as well as for prevention of fog.
To date, the conventional preparation method of TiO2 photocatalytic ceramics is by spraying, coating or plating the TiO2 photocatalyst or TiO2-based photocatalyst on the ceramic surface before going through the secondary heat treatment for a complete preparation. Among these, the most applicable method used is TiO2 sol coating. This is done by using a temperature of generally lower than 800°C to heat these sprayed and coated ceramic fi lms, to ensure that the TiO2 presents in the coating will be in an anatase phase with a stronger photocatalytic capacity.
On the downside however, due to the low temperature (<800°C )used during the heat treatment of ceramics fi lms, the absence of high temperature liquid phase causes a poor photocatalytic coating adhesion on the glass or ceramic surface. The decrease in photocatalytic capacity leads to a higher tendency of these ceramic surfaces to get worn and torn easily during the course of use. The eff ective way to improve the wear resistance and service life of these ceramic surfaces is by increasing the heat treatment temperature, as well as the adhesion between the photocatalytic coating and the substrate. However, under high temperature heat treatment, the metastable phase of the TiO2 in the anatase phase with high photocatalyic performance tends to convert irreversibly to the rutile phase with weak photocataltic ability. Therefore, the key to the preparation of TiO2 photocatalytic ceramics will be in counteracting this contraindication encountered during the heat treatment.
TiO2 photocatalytic mechanism
The characteristics and structure of TiO2 being a semiconductor material have made it an ideal photocatalyst. Generally, the band structure of a semiconductor consists of an electron-fi lled highest valence band VB and a minimum conduction band CB that is not fi lled with electron. When the energy hν of the photon is greater than or equal to the band gap width Eg of the semiconductor, the semiconductor will absorb the photon energy, forming the photo-generated electrons on the conduction band, resulting in a photogenerated hole H + on the valence band accordingly. Since there is a lack of continuous regions between the energy bands of the semiconductor, the electron-hole pairs generally have a picosecond lifetime that is suffi cient to transfer photogenerated electrons and photogenerated holes to the substance adsorbed on the surface of the semiconductor. There are two possible paths for photogenerated electrons and holes in the excited state, one is being involved in the photocatalytic reaction where the electrons of the surface are adsorbed by the electrons, and the substances that do not absorb light are activated and oxidized. The body will be able to capture the electrons on the surface of the catalyst to be reduced; the other way would be the recombination of photogenerated holes and electrons where the energy will be generated in the form of heat or light distribution, the specifi c excitation process is as shown in Figure 1 [42] .
When the TiO2 absorbs sufficient light (the wavelength is usually less than 385 nm), an electron-hole pair will be generated, and the electron-hole pair can be compounded by the bulk phase, surface recombination or being transferred to the organic molecules adsorbed on the surface resulting in an inactivation. Generally, the photocatalysis of TiO2 could not be done without air and aqueous solution, as the combination of oxygen or water molecules with photogenerated electrons or holes will produce superoxide ion (O2-) and hydroxyl radicals (-OH) with highly active chemical properties. The photocatalytic reaction process is more complicated. It is generally believed that there are two possibilities: one is that the electron-hole pair directly reacts with the reactants, that is, the direct reaction mechanism; the other holds that the electron-hole pairs carry out the oxidation process, oxidize the organic matter into CO2 and H2O as well as other inorganic small molecules, that is, the free radical indirect reaction mechanism.
Among them, the free radical indirect reaction mechanism can be expressed by the following reaction formulas [43] 
Photocatalytic activity of TiO2
It can be seen from the photocatalytic mechanism that to improve the photocatalytic activity, it is necessary to improve the quantum effi ciency of photocatalysis, that is, to suppress the recombination of photo-generated electronhole pairs, and to improve the effi ciency of electron-hole pair reaction.
Crystal structure
TiO2 has three crystalline structures: anatase type, rutile type and plate titanium type. The anatase and plate titanium type belongs to the metastable phase and the rutile type belongs to the stable phase. Titanium ore type belongs to orthorhombic system which generally is difficult to prepare and therefore is rarely studied. Anatase and rutile type are tetragonal and can be expressed with TiO6 octahedron. However the TiO6 octahedral may present with variable connection and distortion at diff erent degrees. As shown in Fig. 2 , each octahedron in the anatase is connected to the surrounding octahedrons with four coplanars, and each octahedron of the rutile has a total of two octahedrons side and 8 common cubes connected. These structural diff erences lead to the formation of two diff erent kinds of crystal with varied mass density and electron band structure. The mass density of anatase (3.894 g-cm-3) is slightly smaller than that of rutile (4.250 g-cm-3). The ore band of anatase (3.2 eV) is slightly larger than the rutile of (3.0 eV). Generally, rutile TiO2 has poorer oxygen adsorption capacity, lesser defects, larger grain size and smaller specifi c surface area which result in a photocatalytic activity that is lower than that of anatase [43] . However, when the two crystal structures of TiO2 are mixed, the photocatalytic activity may be higher, this phenomenon is also known as mixed crystal eff ect. For instant, in commercial P25 TiO2 catalyst which consists of 25% rutile and 75% Titanium composition, has its activity higher than that of 25% rutile and 75% anatase from the directly mechanical mixture of the catalyst.
Grain size
It can be seen that for the nanoparticles, the photo-generated electron-hole pairs may reach the surface before recombination, effectively reducing the electron-hole recombination rate, thereby improving their photocatalytic activity.
When the TiO2 grain size is reduced to nanoscale, it has a unique performance which is diff erent from that of the block. In addition to the high specifi c surface area and high adsorption performance, presenting at the same time are the quantum size eff ect, small size eff ect and other special light response properties. In general, the specifi c surface area is related to the adsorption performance. The high adsorption performance contributes to the reaction between the photo-generated electron-hole pair and the adsorbed substance. Quantum size eff ect means that when the size of the semiconductor and the charge carrier of the de Broglie wavelengths are of the equivalent, it will cause the increase of energy level in excited state, widen the band gap width and an increase in absorption of the threshold blue shift. The widening of the gap can inhibit the mobility of the photogenerated carriers, thereby reducing the recombination rate. Small size eff ect refers to the fact that the particle size of the nanoparticles is smaller than the thickness of the space charge layer, enabling the photogenerated carriers to migrate from the inside of the particles to the surfaces by simple diff usion and react with the substances adsorbed on the surfaces. It is shown that the time of diff usion of electrons from the bulk phase to the surface in 10 nm and 100 nm TiO2 particles is 1 ps and 10 ns respectively, and the recombination time of electrons and holes is approximately 10 ns [44] . Apparently for nanoparticles, the photo-generated electron-hole pairs are able to reach the surface before recombination and eff ectively reduce the electron-hole recombination rate, thereby improving the photocatalytic activity.
Photocatalyst modifi cation
And the photoelectric eff ect of the semiconductor is to immobilize the photosensitizer on the semiconductor surface in the form of physical or chemical adsorption, and then the eff ective absorption of visible light by the photosensitizer extends the light absorption range of the semiconductor material to visible area.
The common methods of TiO2 modification are: noble metal deposition, semiconductor composite, metal ion doping, non-metallic element doping and surface photo-sensitization [45] [46] [47] [48] [49] [50] . Among these, the deposition of noble metal on the surface of the semiconductor is considered to be an effective method to capture the photo-generated electrons. The semiconductor composite can obtain a wider range of light response than the single TiO2 system. The doping of metal ions and non-metallic elements can expand the excitation wavelength to visible light area and increase the efficiency on reactivity of the photocatalyst. The photoelectric effect of the semiconductor is by means of the immobilization of photosensitizer on the semiconductor surface in the form of physical or chemical adsorption. The visible light will be absorbed eff ectively by the photosensitizer, which subsequently increases the light absorption range of the semiconductor material and extends it to a visible area.
Preparation of 4 nanometer TiO2
Liquid phase method includes: sol-gel method, hydrothermal method, hydrolysis method and microemulsion method; gas phase method includes: physical vapor deposition method and chemical vapor deposition method; solid phase method includes: redox method and thermal decomposition method [43] . Among them, the liquid phase method is widely used because of the low synthesis temperature, simple equipment, easy operation and low cost.
At present, the preparation methods of nano-TiO2 are mainly divided into three which are liquid phase method, gas phase method and solid phase method respectively. Liquid phase method includes: sol-gel method, hydrothermal method, hydrolysis method and microemulsion method; gas phase method includes: physical vapor deposition method and chemical vapor deposition method; solid phase method includes: redox method and thermal decomposition method [43] . Among them, the liquid phase method is most widely used because of its low synthesis temperature, simple equipment, easy operation and low cost.
Sol-gel method
The sol-gel method uses Ti (OR) 4 as the raw material to form a homogeneous solution in the solvent. The water is hydrolyzed by the hydrolysis of the titanium alkoxide to form a sol, which is formed into a gel after aging, and fi nally calcined by drying and grinding to obtain nano-TiO2 powder.
Hydrothermal method
The powder prepared by this method has good crystallization and does not need high temperature treatment at the later stage, which avoids the hard agglomeration of the powder and can control the particle size and crystal form. Hydrothermal preparation of nano-TiO2 powder often used TiO2 powder or TiO2 sol as the precursor.
Hydrothermal method is in a special closed reaction vessel (autoclave), with the use of aqueous solution as the reaction medium, through the high temperature and high pressure reaction environment, it allows the insoluble material or materials with diffi culty to dissolve to get dissolved and recrystallized. The powder prepared by this method has good crystallization and does not need high temperature treatment at the later stage, which avoids the hard agglomeration of the powder and can control the particle size and crystal form. Hydrothermal preparation of nano-TiO2 powder often uses TiO2 powder or TiO2 sol as the precursor.
Hydrolysis
Hydrolysis, by means of alkoxide hydrolysis and homogeneous nucleation and growth in the liquid phase it will produce precipitation products, with liquid-solid separation, drying and calcination, nanoTiO2 powder could be obtained.
Microemulsion method
Microemulsion method is composed of surfactants, cosurfactants, oil and water. It can be divided into O/W microemulsion and W/O microemulsion. The reaction mechanism is that when the two microemulsions are mixed, due to the collision of the micelles, the exchange and transfer of the substances in the water nucleus occur. When the chemical reaction of the particles in the water nucleus grows up to a certain size, the surfactant molecules will be attached to the particle surface, so that the particles stabilize and prevent its further growth. Finally, the ultrafi ne particles are separated from the microemulsion by centrifugation or by adding water and acetone mixture, and the oil and the surface active agent attached to the surface of the particles are cleaned with an organic solvent. Finally, the ultrafi ne particles are dried and calcined at a certain temperature body.
nm TiO2 loading
The catalyst load is an eff ective way to solve the utilization and recovery of nano-powder. There are two common methods of loading [51] [52] [53] [54] [55] [56] : First, nano-TiO2 powder is directly loaded on the carrier by impregnation and coprecipitation. The loading bodies commonly seen are silica, alumina, glass fibers, microporous glass and zeolites.
Second, the TiO2 precursor is fi rst loaded on the carrier, which after heat treatment will transform the precursor into TiO2. But often due to the weak adhesion, the catalyst load in the reaction process is prone to loss of active composition, resulting in decreased catalytic effi ciency. This could be resolved by high temperature heat treatment. On the other hand, if most of the catalyst active components are encapsulated or landfi lled in the carrier after loading, the photocatalytic reaction will be carried out. Therefore, how to achieve the surface loading and immobilization of photocatalyst is an important direction for the application of nano-TiO2.
Phase Transformation of 6 -nm TiO2 and Its Infl uencing Factors
From the thermodynamic point of view, anatase phase TiO2 is a metastable phase, rutile phase is stable phase. The anatase phase, after undergoing heat treatment at certain temperature will become irreversible to rutile phase. Due to the use of raw materials and synthetic conditions, the phase transition temperature range is generally 400-1200℃ [57] . Factors aff ecting the TiO2 crystal transition are the following aspects.
Temperature
The conversion of TiO2 from an anatase structure to rutile structure is an irreversible phase transition, which is a function of temperature and time. To achieve a complete phase change of TiO2, a higher heat treatment temperature and a longer holding time are usually required [58] .
Particle size
According to the critical size theory, when the grain size is reduced to a certain value, the anatase is more stable than the rutile phase. According to thermodynamic analysis, the size is generally between 10 -15 nm [59] [60] [61] [62] [63] [64] . When the particle size is higher than the critical size, the smaller the particle size, the lower the phase transition temperature; the larger the particle size, the higher the phase transition temperature. Studies have shown that reducing particle size can eff ectively reduce the phase change activation energy, leading to a decrease in the phase transition initiation temperature [65] [66] [67] [68] . Therefore, the phase transition temperature of nanosized TiO2 is usually less than 600℃.
Impurities
The When the impurities are beyond the limits of the solubility, excess impurities will precipitate and promote phase change through heterogeneous nucleation.
A large number of studies have shown that impurities can inhibit or promote the conversion of anatase phase to rutile phase [49, 57] . When impurities are substituted into anatase lattice form solid solution, it will aff ect the number of oxygen defects, thus inhibit the progress of phase change. When the impurities which in the form of replacement go into the anatase lattice to form a solid solution, it will lead to lattice instability or stability, depending on the size of the impurity size, valence and content of the impact, so as to promote or inhibit the phase change. When the impurities exceed the limits of the solubility, excess impurities will precipitate and promote phase change through heterogeneous nucleation.
(1) Cationic doping In addition, the large and high valence of the cation to replace Ti4 +, will reduce the number of oxygen defects, thus inhibiting the phase change of the progress, so that the number of oxygen defects, As shown in Figure 3 .
In addition, when the Ti4 + gets replaced by the large and high valence cation, this will reduce the number of oxygen defects thus inhibiting the phase change of the progress. As shown in Figure 3. (2) Anionic doping
The inhibition or promotion of anions on the phase transition may depend on the eff ect of size and charge, and their eff ects are as follows: Cl-> N3-> O2-> F-.
Atmosphere
The fi ring atmosphere may also aff ect the phase change compared to doping [69] [70] [71] . A neutral atmosphere (such as an inert gas) or a reducing atmosphere (such as hydrogen) increases the number of oxygen defects in the anatase lattice (compared to air), thus facilitating phase change. On the contrary, in the air or oxygen can reduce the number of oxygen defects, thereby inhibiting the phase change.
Rutile often presents with lattice hypoxia, its expression can be written as TiO2-x. Thus, in order to maintain a stoichiometric equilibrium, titanium ions, impurities, or dopants below 4 valence are often present in the lattice. The oxygen defects in anatase are often thought to have the ability to promote the occurrence of phase change as the oxygen defects are favorable for ion rearrangement. The fi ring atmosphere may also aff ect the phase change compared to doping [69] [70] [71] . A neutral atmosphere (such as an inert gas) or a reducing atmosphere (such as hydrogen) increases the number of oxygen defects in the anatase lattice (compared to air), thus facilitating phase change. On the contrary the number of oxygen defects could be reduced in the presence of air or oxygen, thereby inhibiting the phase change.
Eff ects of particle boundaries
When incorporation of insoluble oxides, the formation of obstacles at the boundary of the particles restricts the growth of the grains and reduces the contact between the particles, effectively hindering the phase change [72] [73] [74] [75] [76] . Common are: SiO2 and Al2O3.
During incorporation of insoluble oxides, the formation of obstacles at the boundary of the particles restricts the growth of the grains and reduces the contact between the particles, thus hindering the phase change eff ectively. [72] [73] [74] [75] [76] . Commonly seen are: SiO2 and Al2O3.
Application of 7TiO2 Photocatalytic Materials
Energy shortage and environmental pollution are the focus of attention in the world, nano-TiO2 as the most important photocatalytic material, in addressing energy and environmental issues much attention, look forward to its application in the preparation of new energy and solve environmental pollution.
Energy shortage and environmental pollution have always been the center of attention in recent years.NanoTiO2 as of one of the most important photocatalytic materials in addressing energy and environmental issues, has undeniably received many attention from the world, with great anticipation on its application on the preparation of new energy and solving the environmental pollution.
Preparation of hydrogen
The photo-generated electron-hole pairs produced by nano-TiO2 illumination have the ability to decompose water to produce hydrogen and oxygen [77] [78] [79] [80] [81] [82] . Among them, the photo-generated electrons can reduce H2O to produce H2, while the photogenerated H + can oxidize H2O to produce O2. The photo-generated electron-hole pairs produced by nano-TiO2 illumination have the ability to decompose water to produce hydrogen and oxygen [77] [78] [79] [80] [81] [82] . Among them, the photo-generated electrons can reduce H2O to produce H2, while the photogenerated H + can oxidize H2O to produce O2. However, during the actual reaction process, under the infl uence of semiconductor band bending, surface overpotential as well as other contributing factors, sacrifi cial agent is often required to improve the water decomposition reaction of the photocatalytic activity. When the sacrifi cial agent is insuffi cient, the photo-generated electron-hole will rapidly recombine, leading to a great reduction in electron-hole pairs that will participate in the redox reduction. Timeresolved spectroscopic studies have also shown that more than 90% of the photo-generated electrons -holes are rapidly recombined after excitation, making it an important factor on aff ecting the photocatalytic activity [83] .
Sewage treatment
The photocatalytic reaction can eff ectively decompose chlorine-containing organic compounds, dyes, surfactants and phenol in water [15, 84] . This method is particularly suitable for the treatment of biological or general chemical methods diffi cult to deal with aromatics and aromatic compounds and other refractory substances, which has strong oxidation capacity, no selectivity and other characteristics.
The photocatalytic reaction can eff ectively decompose chlorine-containing organic compounds, dyes, surfactants and phenol in water [15, 84] . With the characteristics of having strong oxidation capacity and without selectivity, the photocatalytic reaction method is particularly suitable for the sewage treatment of aromatic compounds and other refractory substances, which at times could be diffi cult to be managed by other biological or chemical methods.
In addition, nano-TiO2 photocatalysis can eff ectively solve the mercury, lead, chromium and other heavy metal ions pollution problems. When the metal ions are exposed to the excited surface of the TiO2 surface, by capturing the surface of the photo-generated electrons to the reduction reaction, making high-priced metal ions to be degraded.
In addition, nano-TiO2 photocatalysis can eff ectively solve the mercury, lead, chromium and other heavy metal ions pollution problems. When the metal ions are exposed to the excited surface of the TiO2 surface, reduction reaction will take place by capturing the photo-generated electrons on the surface, causing the degradation of highpriced metal ions to take place.
Clean air
With the application of photocatalytic oxidation technology, harmful air pollutants such as formaldehyde, sulfi des and nitrides are possible to be removed [85] [86] [87] with the presence of air and water vapor at room temperature. For example, TiO2 which could cause eff ective degradation of NOx is made into a coating, with the purpose of eliminating nitrogen oxides in the atmosphere. When NO and NO2 are adsorbed on the coating, an oxidation process will take place between the superoxide ions, superoxide radicals and hydroxyl radicals generated on the surface of TiO2, leading to the formation of nitric acid. Besides, TiO2 coating could be applied on tunnel lighting lamps as it has the ability to eff ectively remove the exhaust gases such as NOx from the car. Meanwhile, TiO2 with its borad application prospects may also degrade pollutants such as sulfi de, aldehydes, halogenated hydrocarbons, polycyclic aromatic hydrocarbons from the atmosphere.
Antibacterial deodorant
Experiments show that when the bacteria adsorbed on the surface of TiO2, superoxide ion radicals and hydroxyl radicals can damage the cell membrane, into the bacteria body, to prevent the formation of fi lm-forming material, cut off the respiratory system, thereby killing bacteria. Therefore, TiO2 in the antibacterial deodorant and so much attention.
Most of the microorganisms are made up by protein, commonly used bactericides such as silver causes cells to lose their activities which in turn kills the microorganisms. However harmful substances such as endotoxin will be released by the microorganisms once they are killed. On contrary, TiO2 photocatalytic materials have the ability to not only kill the microorganisms, but also for degradation of harmful substances that are released by the microorganisms when they are killed and thus completely wipe out the microorganisms and eliminate the harms that maybe brought by these microorganism. [88] [89] [90] [91] . Studies have shown that TiO2 photocatalytic materials have very strong bactericidal ability on E. coli, Salmonella, Staphylococcus aureus, Mycobacterium, Aspergillus and Pseudomonas aeruginosa. Experiments show that when the bacteria adsorbed on the surface of TiO2, superoxide ion radicals and hydroxyl radicals would damage the cell membrane by invading the bacteria body, preventing the formation of fi lm-forming material and disrupting the respiratory system, thereby killing the bacteria. Therefore, TiO2 plays a signifi cant role on antibacterial deodorant.
Anti-fog and self-cleaning
Under ultraviolet light irradiation, in addition to the strong redox capacity, TiO2 also possesses a super-hydrophilic super-hydrophopic property. With this property, the TiO2 fi lm is prepared. Water molecules or water vapors are unable to form droplets, but spreading evenly on the surface to avoid light scattering phenomenon. When these two properties are combined, anti-fouling and self-cleaning eff ects could be obtained in long term. Most of the researches done on TiO2 are mainly focused on the expansion of its photoreaction range and on improvement of the quantum effi ciency, with slow progression unfortunately. With current application of fi lm as the main load, many steps are to be taken before TiO2 is made more practical for use.
Titanium dioxide photocatalytic ceramics
TiO2 acquired the advantages of having high photocatalytic activity, stable chemical properties, non-toxic and costeff ective. When TiO2 is attached to the ceramic surface, it would transform the traditional ceramics into new materials that are significantly more practical with functions such as antibacterial, deodorization, air-purification, and selfcleaning. Earlier, the researchers had obtained layer of TiO2 fi lm via the sol-gel method where the ceramic surface was coated with a layer of TiO2 precursor before going through a 400 -500℃ calcination. Although the fi lm obtained has good photocatalytic performance, its adhesion is poor and the practical application requirements is unmet [37] [38] [39] [40] . On top of this, sol-gel prepared fi lms need to be coated several times before achieving a certain thickness (for example, more than 10 times to reach 1 μm). L. Zan et al. [54] proposed that the TiO2 slurry prepared by the precipitation method was coated on the surface of the glaze ceramic at one time and at 800 ° C for a certain time to obtain an embedded ceramic-based nano TiO2 fi lm. In order to avoid the detachment of the TiO2 fi lm, the photocatalyst layer was fi xed on the substrate by using the adhesive layer method, represented by TOTO Corporation. For example, a layer of SiO2-Al2O3-Na / K2O glass frit is sprayed on the surface of the ceramic substrate, and then the aqueous solution of TiO2 sol prepared by hydrothermal method of TiCl4 is fired and calcined at a certain temperature. When the softening temperature of the binder layer reaches 680 ℃, the higher the calcination temperature, the worse the antibacterial property and the better the abrasion resistance. The worsened antibacterial property is caused by 1) the conversion of the TiO2 particles into rutile; 2) the calcination temperature and the binder layer. When the softening temperature diff erence is too big, the binder layer melts and the viscosity becomes low, making the TiO2 particles buried in the adhesive layer unable to exhibit photocatalytic action. On the other hand, this is conducive to the combination of TiO2 particles and binder layer, as well as on improvement of wear resistance.
In retrospect, trials were done on these ceramic materials whereby the modifi ed TiO2 powder with better thermal stability was evenly coated on the ceramic glaze, before undergoing the preparation of heat treatment at certain temperature. For instance, Zeng Zhichao et al. [32] mixed Si/Al/P modifi ed TiO2 with glaze and coated on the ceramic surface. After heat treatment at 800 ℃, the modifi ed TiO2 was attached to the ceramic surface in combination with the glaze. As the heat treatment temperature is low, the liquid in the glaze is lesser, the TiO2 particles are therefore not completely covered by the glaze, causing some of the particles to be exposed to the air and hence showing some photocatalytic activity. However, due to the insuffi ciency in liquid phase, the degree of sinteringis unmet, limiting the coating and substrate adhesion. Penner et al. [33] coated Si / Al modifi ed TiO2 on a ceramic surface and heat treated at 1080°C. Although the calcination temperature is improved, the selected glaze is a Ca-Ba-B glaze that is not used in building ceramics. The melting temperature is high and the resulting coating does not reach the degree of sintering and the surface is rough. The modifi ed powder in the commonly used potassium, sodium fl ux for the glaze does not have high temperature thermal stability. Although the high temperature firing could be achieved by altering the sintering temperature either by lowering the fi ring temperature or by using of high melting temperature of the glaze, still the desirable degree of sintering is yet to obtain. Also, the adhesion properties and product surface smoothness are have yet to achieve the best. Subsequently, these shortcomings will defi nitely aff ect the appearance as well as the wear resistance of the ceramics, making them undistinguished with the ceramics shelf life. The photocatalytic performance and adhesion properties achieved simultaneously during the sintering temperature are the key to the preparation of supported TiO2 photocatalytic ceramics. Increasing the calcination temperature is ideal for improving the bonding properties of the coating and the substrate as well as the abrasion resistance of the coating. However, after the high temperature calcination of TiO2, irreversible phase transition occurs. The anatase with high photocatalytic activity is converted into a rutile phase with low activity. Therefore, whether it is Si/Al/P modifi ed TiO2 powder, Si/Al modifi ed TiO2 powder or in the building ceramics with potassium and sodium as the main fl ux of glaze, all have diffi culty in maintaining high stability. Besides, TiO2 particles that 'buried' in the glaze layer under sintering temperature shall too be overcome.
Therefore, in the use of potassium, sodium as the main flux in the preparation of glaze with high temperature stability of the anatase TiO2, and to overcome the TiO2 particles in the sintering process problem in the glaze layer is the urgent problem to be solved, is to prepare a certain anti-bacterial deodorant, clean air and self-cleaning ability, and has a ceramic life to match the TiO2 photocatalytic ceramic key.
In a nutshell, overcoming the problems and shortcomings as mentioned above will be the key to successfully developing the ideal TiO2 photocatalytic ceramics with desirable properties such as anti-bacterial, deodorization, airpurifi cation and self-cleaning abilities.
